. The development of coffee cultivation in the traditional agroforestry of mixed-garden (dukuh lembur) to provide social-economic benefit for the Outer Baduy Community, South Banten, Indonesia. Biodiversitas 20: 2958-2969. The Baduy community who resides in the Village of Kanekes, the Sub-district of Leuwidamar, the District of Lebak, South Banten has maintained the Sundanese tradition, particularly in practicing swidden farming (ngahuma). They practice swidden farming based on Traditional Ecological Knowledge (TEK) and belief. According to the Baduy tradition, the commercial plants, including coffee, clove, cacao, teak, and rubber have been prohibited to cultivate in Baduy area. However, because the population has increased rapidly and market economy has intensively penetrated the Baduy area, some commercial plants, including robusta coffee (Coffea canephora Pierre ex A. Froehner) have been introduced by the outer Baduy community. The objective of this study was to elucidate the traditional practice of the Outer Baduy in cultivating coffee trees that are integrated into the traditional agroforestry of mixed-garden (dukuh lembur or leuweung lembur). This study used qualitative method with some techniques of collecting data, including observation, participant observation, semi-structured interviews, and plant survey in the sample plots of the dukuh lembur. The results of the study showed that in 1980-s the robusta coffee plants were introduced by some Outer Baduy people and have since been planted in the dukuh lembur. In the past, because coffee was prohibited to be cultivated in Baduy area, the coffee trees were regularly cut during the purification of the Baduy tradition (pembersihan adat). Nowadays, however, the robusta coffee trees have been properly integrated into the existing dukuh lembur which is based on hybrid knowledge of TEK and scientific Western knowledge. The Outer Baduy coffee farming system has provided subsistence as a well commercial economy that may support the sustainability of the Outer Baduy swidden cultivation that is considered as the cultural identity of the Baduy community.
INTRODUCTION
The Baduy community who resides in the Village of Kanekes, the Sub-district of Leuwidamar, the District of Lebak, southern of Banten Province, Indonesia has been widely recognized as one of the traditional Sundanese communities who is still maintaining the Sundanese tradition, particularly in practicing swidden farming (ngahuma). The Baduy people manage their swidden farming system strongly based on Traditional Ecological Knowledge (TEK) and belief (cf. Iskandar 1998) . The TEK or folk knowledge may be defined as a cumulative body of knowledge, practice, and belief, evolving by adaptive processes that is normally gathered over generations by observers whose lives depended on this information and its use. It often accumulates incrementally, tested by trial-anderror and transmitted to future generations orally or by shared practical experiences (Berkes et al. 2000; Ellen and Harris 2000; Berkes 2008; Orlove et al. 2010) .
For the Baduy community, the practice of swidden farming has played an important role not only for economic purpose but also to fulfill an obligation of their religion, Sunda Wiwitan or Agama Baduy. Various TEK, including the Baduy calendar or Pananggalan Baduy, has been intensively applied by the Baduy community to manage the annual swidden cultivation system. In addition, they believe that rice has a Goddess called Nyi Pohaci (Dewi Sri in Javanese). Consequently, the timing of each stage of the rice planting of the Baduy swidden cultivation is based on the guideline of the traditional Baduy calendar, and integrated with various traditional rituals (Iskandar 1998; Iskandar and Ellen 1999; Iskandar and Iskandar 2017; Iskandar and Iskandar 2018) . Therefore, both the traditional Baduy calendar and traditional ritual play a vital role as an institutional instrument, designed to generate collective actions from members of the Baduy community in the swidden farming (cf. Franco 2015) . In addition, the belief system has served a variety of adaptive management tools for the Baduy community and their members to manage their local environment. According to the Baduy traditions, hoeing soil, using the modern new rice varieties, applying inorganic fertilizers, and synthetic pesticides have been prohibited in practicing swidden farming.
The rice of swidden system (pare huma) is prohibited to sell because their believe that Nyi Pohaci will be offended if the swidden rice is sold. Accordingly, the swidden rice (pare huma) production is usually stored in the rice barns (leuit) for some decades and can be inherited by their children. The swidden rice has been mainly used for performing various traditional rituals and home consumption, particularly if the Baduy household does not have enough money to buy rice of sawah from village small shops (warung). In addition, some commercial crops or plants, including clove, coffee, para rubber, and teak that are considered as new crops and come from outsiders have been prohibited (tabu or teu wasa) to cultivate in Baduy area. As a result, according to historical ecology, those commercial plants have not been introduced and cultivated in Baduy area (Iskandar 1998) .
Because of the population increase, the forest and swidden field decrease, and intensive market economy penetration to Baduy area, various strategies have been undertaken by the Outer Baduy community to maintain the sustainability of the traditional swidden farming system. For example, they have been conducting temporary migration to the neighboring non-Baduy area to practice swidden farming, to get involved in petty trading on nonrice crop productions, to work as laborers, such as carrying albizia logs, weeding garden, and harvesting rice, and to introduce commercial crops, such as albizia, clove, cacao, and coffee (Iskandar 2007; Iskandar and Ellen 2007; Iskandar et al. 2018a ).
The albizia trees (Paraserianthes falcataria L. Nielsen) have been introduced and properly integrated into the swidden farming system of the Outer Baduy since 1980 Ellen 2000, 2007) . The albizia trees have provided some ecological and socio-economic benefits, including improving soil fertility, providing firewood, and providing cash income from the sale of Albizia logs to village middlemen. In other words, the albizia has been culturally adopted by the Outer Baduy due to its suitability with the local ecological and social-cultural Baduy community. Unlike albizia, the coffee trees, however, are still prohibited to be cultivated in Baduy Area. However, the robusta coffee (Coffea canephora Pierre ex A. Froehner) trees have been cultivated predominantly in the traditional agroforestry of the forest hamlet (dukuh lembur) of Outer Baduy because the robusta coffee has provided some ecological and economic benefits, but not disturb the practice of the traditional swidden farming of the Outer Baduy.
Some studies on cultivation of coffee trees, including the ecological historical of coffee in Java, the introduction of coffee in forest by Perhutani program, various managements of coffee trees, the benefits coffee farming, and the role of animals in coffee pollination have been conducted by some scholars (Geertz 1963; Elson 1994; Widianingsih 2006; Zakaria 2009; Anggarani 2011; Subandi 2011; Lasmiyati 2015; Martini et al. 2017; Iskandar et al. 2018c ). However, studies of coffee introduction and cultivation in the Outer Baduy area have rarely been conducted. Therefore, the objective of this study was to elucidate the ecological history of the coffee introduction, the traditional practice of the coffee tree cultivation, the plant composition of 'dukuh lembur' agroforestry, and the morale and interest of coffee introduction in the agroforestry of the outer Baduy.
MATERIALS AND METHODS

Study sites
This research was carried in the Outer Baduy area, namely the hamlets of Kaduketug, Kadujangkung, and Karahkal of Kanekese Village, Leuwidamar Sub-district, Lebak District, Banten Province, Indonesia (Figure 1 ).
Geographically the Baduy area of Kanekes village is located approximately between latitudes of 6 0 27'27" and 6 0 30' North and between longitudes of 106 0 3'9" and 106 0 4'5" East. (Iskandar et al. 2018a) In 2000 the estimated total population of Baduy community was 11,172 people, consisting of 5,624 males and 5,548 people, representing 2,948 households. Eight years later, in 2018 the total population of Baduy increased to 11,710 people, consisting of 5,884 males and 5,826 females, representing 3,414 households (Table 1) . The population was dominated by the Outer Baduy people who constituted 89.6 percent of the total, and only 10.4 percent were the Inner Baduy people (Statistics of Kanekes village 2018).
The main subsistence of the Baduy community is an intensive practice of swidden cultivation (ngahuma). They manage the swidden farming based on traditional ecological knowledge (TEK) and beliefs. Each stage timing of the annual swidden farming activities is traditionally based on a special calendar named a pananggalan or kalender Baduy. Therefore, the pananggalan determines the timing of the Baduy community activities, such as swidden cultivation activities and annual ritual of Baduy community. One of the indicators for deciding new year of the Baduy calendar (pananggalan) is the belt of Orion (bentang kidang). The Baduy community is able to correlate to the positions of bentang kidang constellation to various activities in the swidden cultivation system. Therefore, the Baduy calendar plays a vital role as institutional instrument, designed to generate collective actions from the community members to get involved in various annual rituals (cf Khattri 2003; Franco 2015) . In addition, the belief systems and rituals can often provide a strong sense of group solidarity that unifies different individuals of different backgrounds into a large and more cohesive unit and adaption functions for the human societies to their environment, and for the conservation of ecosystem (cf Lovelace 1984; Khattri 2003) . Since the rice is perceived to have a Goddess called Nyi Pohaci, the swidden rice is highly respected. Indeed, the swidden rice (pare huma) is prohibited to trade, and is traditionally put in the rice barns (leuit) for some decades and can be inherited by their children. The swidden rice is mainly used for various traditional rituals and for daily home consumption, particularly if they do not have enough money to buy the sawah rice (beas sawah) from village small shops in neighboring Baduy area. Unlike rice, various non-rice crop productions, including kadu/durian (Durio zibethinus Murr), cau/banana (Musa x paradisiaca L), and peuteuy/petai (Parkia speciosa Hassk) ( Table 2) are allowed to sell to get cash income to buy various daily household needs, including sawah rice, salted fish, salt, and cooking oil.
According to the Baduy tradition, each household must conduct the swidden farming (ngahuma) which is considered as an obligation for their religion called Sunda Wiwitan or Agama Baduy. Conversely, the cultivation of the irrigated wet rice farming (sawah) is prohibited. In addition to upland rice crop (Oryza sativa L), various other annual and perennial crops, including hiris (Cajanus cajan (L) Missp), bonteng (Cucumis sativus L), jagung (Zea mays L), cau/pisang (Musa x paradisiaca L), durian (Durio zibethinus L), petai, aren/kawung (Arenga pinnata Merr), and jengkol (Achidendron pauciflorum (Benth) I.C. Nielsen) are predominantly planted in the swidden farming system ( Figure 2 ).
Because the swidden farming system is planted with various annual and perennial crops, the swidden system is categorized as traditional agroforestry. The Agroforestry may be defined as a collective name for land-use system and technologies where woody perennials are deliberately used on the land-management units as agricultural crops and/or animals, in some forms of spatial arrangement or temporal sequence (Raintree and Warner 2015) .
Other traditional agroforestry types of Baduy are found namely the fallowed secondary forest system (reuma system) and hamlet forest (dukuh lembur or leuweung lembur). The reuma can be divided into two categories, the immature fallowed secondary forest (reuma ngora) that is swidden fallowed land fallowed less than three years, and the mature fallowed secondary forest (reuma kolot). The hamlet forest is the land located around hamlet that is predominantly planted with perennial crops, including durian, petai, bamboo (Gigantochloa spp), jengkol (Achidendron pauciflorum (Benth) I.C. Nielsen), and kalapa/coconut (Cocos nucifera L). Because the dukuh lembur is prohibited to be converted into swidden, the structure vegetation is similar to that of the natural forest. Various non-rice crop productions, including fruits (durian, rambutan, mango), vegetables (petai, jengkol), industrial plants (aren, coffee), and building materials (albizia, bamboo) can be harvested for both home consumption and commercials ( Figure 3 ).
Research procedures
This research was a qualitative one. Data collection was conducted through observation, semi-structured interviews, participant observation, and recording of plant species (Newing et al. 2011; Albuquerque et al. 2014; Iskandar 2018) . Observation was undertaken to record the ecological conditions of the Outer Baduy settlement, and various types of traditional agroforestry systems, including the swidden field (huma), swidden fallowed land (reuma), and hamlet forest (dukuh lembur or leuweung lembur).
Semi-structure interviews were conducted with purposively selected informants, consisting of the village leader (Jaro Paramentah) and his staff (Carik Desa), old male farmers, old female farmers, and village middlemen (bandar desa). Participant observation was done, in which the researchers accompanied informants both to observe what they did and also to participate in some activities, including planting, weeding, harvesting, and processing of coffee fruit, and asked some questions of their activities.
Inventory of plant species of surrounding coffee trees in the mixed-garden of dukuh lembur was carried out by recording each plant species at 5 sampling plots, each measuring 10 m x 10 m. Each tree species was recorded including the number of individuals, whereas for each shrub undergrowth species (shrub, herb, and seedling) only the species name was recorded. Several field guide books for the plant identifications, including Balgooy (1997 Balgooy ( , 1998 Balgooy ( , 2001 and Heyne (1987) were used to identify various plant species found in the sample plots of the dukuh lembur.
Data analysis
The data were analyzed by cross-checking, summarizing, synthesizing, and making narrative (Newing et al. 2011) . The cross-checking and triangulation were done to get valid data based on information from observation, participant observation, and informants. Moreover, it was summarized, synthesized and made narrative with descriptive and evaluative analyses.
The perennial plant species recorded in the plots were analyzed using index of Summed Dominant Ratio (SDR) (Iskandar and Iskandar 2016) . SDR was calculated using the following formula: Where, Where: F = absolute frequency of certain plant species, which is the number of sample plots containing a particular species Fr = Relative frequency, which is the frequency of certain species divided by total frequency of total species in percent D = number of individuals belonging to certain plant species
Dr =the proportion of plant individuals of certain species of all plant individuals of the community in percent A species had a high SDR if it was recorded in many plots (high frequency) with high individual number (dominant).
RESULTS AND DISCUSSION
Ecological history of coffee Introduction in the Outer Baduy
According to ecological history, coffee trees were introduced in South Banten a long time ago. Iskandar (1998) said that coffee trees, and other crops, including indigo, sugarcane, tobacco, and cinnamon were first introduced in Banten at the beginning of the cultivation system (culture stelsel) in Java during 1830. Unlike other crops, coffee trees were relatively successfully introduced in the forest and dry land area and production peaked in 1863-1865. These were planted in swiddens as well, particularly on hillsides, because small gardens could be sacrificed with less pressure on subsistence cultivation.
In the neighboring Baduy area, coffee trees have been recorded since the 1830s (cf. Geertz 1963; Elson 1994) . According to the Outer Baduy informants, coffee trees were introduced and planted in the Outer Baduy area in 1980s. The seedlings of coffee (Coffea canephora Pierre ex A. Froehner) trees have been planted in the mixed-garden of dukuh lembur, not in the swidden plots (huma). They got the coffee seedlings from the neighboring non-Baduy areas by collecting the seedlings.
Because according to the Baduy tradition coffee trees are prohibited to plant in Baduy areas, some coffee seedlings were uprooted by informal leader's (Puun) staff (Jaro Tangtu) from the Inner Baduy during the rituals for purification of tradition (pembersihan adat). As a result, all trees disappeared. It has been known that according to the Baduy tradition, every two years in month of Kalima of Baduy calendar, special rituals for purification of tradition (pikukuh) is usually undertaken. On these occasions, prohibited luxury and 'modern' goods and prohibited cash crops, such as coffee trees, are destroyed by the Puun staff of Inner Baduy (Iskandar 1998) .
Historically, although a lot of coffee trees in Outer Baduy have been destroyed many times, the Outer Baduy people have never stopped planting because of the benefits for home consumption and cash income from coffee trees. Traditionally the coffee trees have been planted in the hamlet forest (dukuh lembur or leuweung lembur), but they never have been planted in mixed plantation with rice crop in the swidden plot due to prohibition by the Baduy tradition.
Today the coffee trees have predominantly been found in the dukuh lembur of the Outer Baduy. During the annual purification of tradition at the month of Kalima, at the starting of rice planting of the sacred swidden plot (ngaseuk huma serang) of Inner Baduy, the coffee trees planted in Outer Baduy have been cut by the Puun's staff (Jaro Tangtu). However, the coffee trees have been existing in the Outer Baduy areas because they were just cut instead of being uprooted, so some shoots can properly grow and later on can produce fruit. In addition, during the destruction, only some of the coffee trees were cut, particularly those planted along the footpaths, but some coffee trees planted far from the footpaths were not cut.
Traditional practice of coffee cultivation in Outer Baduy
The Outer Baduy people have not yet intensively farmed the coffee trees. Because according to the Baduy tradition, initially the coffee trees are prohibited (tabu or teuwasa) to cultivate in Baduy area, the coffee trees have been integrated into traditional agroforestry of the dukuh lembur. Traditionally, there are five stages of the coffee cultivation in Outer Baduy, namely seed preparation, planting, maintenance, harvesting, and utilization of coffee productions.
Seed preparations
The Outer Baduy people have selected the coffee of robusta (Coffea canephora Pierre ex A. Froehner) for their farming, integrated in the traditional agroforestry of the village forest (dukuh lembur). Scientifically, coffee trees are best planted in areas with annual precipitation of 1,500 to 3,500 mm, with maximum of 3 dry months (precipitation less than 60 mm) (Martini et al. 2017) . Robusta coffee that has large and thin leaves is best planted in elevations ranging from 40 to 900 m above sea level (masl). Therefore, this coffee species are considered to be appropriately cultivated in Baduy area that is located in between 200-450 m asl.
Unlike non-Baduy people, the Outer Baduy people obtain the coffee seedlings (petétan kopi) by collecting them from their mixed-garden and/or from the mixedgarden belonging to other people by asking permission first. The coffee seedlings are predominantly found in the mixed garden because mature seeds were spread out by small bats (lalay) from the parent trees. Generally, bats are important as seed dispersal in tropical forest ecosystem (Aguilar-Garavito et al. 2014) . Ecologically, insect-eating bats are important in pest control, whereas fruit-eating bats are important in plant pollination and seed dispersal. For example, in India, fruit-eating bats are the sole or key pollinators of many plants, including many economically important species, such as durian (Durio sp.) and wild banana (Musa sp.) (Wordley et al. 2014) , while in Indonesia some fruit-eating bats play a vital role in seed dispersal of various economically valuable fruits, including duwet (Syzygium cumini (L) Skeel), sawo (Manilkara zapota (L) van Royen), and srikaya (Annona squamosa L) (Suyanto 2001; Soegiharto et al. 2010; Prasetyo et al. 2011) .
The coffee seeds are usually found scattered on the ground of dukuh lembur spread by small bats, and grow into seedlings. The small bats picked mature coffee fruit at night, eating it, but some of the beans fall on the ground and finally germinate into seedlings, and are commonly collected by Outer Baduy people.
Coffee seedling planting
The coffee seedlings are commonly planted in the traditional agroforestry system of the hamlet forest (dukuh lembur) of Outer Baduy area. Before planting the coffee seedlings, the land preparation is undertaken with very simple technique. The main work is making planting 2 meter-deep holes using small hoes (kored), 2 meters apart from each other. Each individual 0.3-0.5 meter-high seedling is put in the planting hole and covered with soil. So, the coffee seedlings are planted in a mixed plantation with other plants in the dukuh lembur. In some cases, the coffee seedlings are planted near the trees of dadap berduri (Erythrina variegata L) and dadap tak beduri (Erythrina subumbrans (Hassk) Merr). Integration of coffee trees with the two species of trees has resulted in some benefits, including increased soil fertility because these species are nitrogen-fixing legumes that can be used as green manure (Reijentjes et al. 1992 ). In addition, the dadap trees can be used as a support for a species of pepper called rinu, which is a climber (Piper cubeba L).
Both crop species, coffee, and rinu have important economic value because their products are commonly traded to obtain cash income of the Outer Baduy people (Iskandar 2007) . Thus, a mixed plantation of nitrogen-fixing trees and commercial crops is commonly adopted by traditional farmers as a method for sustainable traditional swidden farming system which can maintain soil fertility and enhance the household income (Erni 2006; Bunch 2015; Garrity 2015; Ramakrishnan 2015; Raintree and Warner 2015) .
Coffee tree maintenance
The maintenance of the coffee trees in the traditional agroforestry systems of the Outer Baduy is not intensively conducted, mostly just clearing the weeds growing around the coffee trees, using a special sickle called kujang ( Figure  4) .
The clearing of weeds (disasapan) is aimed to avoid competition of nutrients between coffee trees and the weeds. In addition, the young shoots that grow densely on the stem are pruned (ditunas or disirung) so that the coffee trees get sufficient sunlight. The Traditional Ecological Knowledge (TEKS) of the Outer Baduy concerning pruning of young shoots (emic view) is similar to the Western scientific knowledge (ethic view) in stimulating the process of flowering and pollination, providing branches for the next harvest, and facilitating harvest (Martini et al. 2017) .
The pest control of the coffee trees of the traditional agroforestry of the dukuh lembur systems of the Outer Baduy is different from that of the modern coffee farming system of non-Baduy. According to the informants, the Outer Baduy coffee tree farming systems are rarely attacked by diseases and pests. As a result, pest control is rarely done in Outer Baduy coffee farming. Conversely, pest control of the modern coffee farming in non-Baduy is often conducted because the coffee trees are commonly attacked by various diseases and pests, including borers which usually attack the stems and branches, nematodes which attack the roots, and fungi attack leaves, stems and roots of coffee trees (Anggarani 2011; Subandi 2011; Hulupi and Martini 2013; Martini et al. 2017 ). The Outer Baduy coffee farming system is rarely attacked by pests because the diverse agroforestry system has strong resistance to pest attack and to complete crop losses caused by environmental stresses, including climate changes (Aryal and Choudury 2015) . In addition, the coffee trees under shade experience less stress of climate than those with no shade.
Thus, shade trees in agroforestry system maintain the microclimate of the mixed-garden. The shade trees protect the coffee trees from the increased air temperatures. Moreover, the litter of shade trees provides additional nutrient for soil and maintains soil humidity, particularly during the prolonged drought and when the temperature increases (Martini et al. 2017 ). Since the traditional agroforestry system with coffee trees has a lot of litter consisting of dry leaves and dry twigs which provide nutrients for plants, inorganic fertilizers are not provided. So, in general, the Outer Baduy community has practiced organic farming that encourages healthy soils and crops through the avoidance of synthetic fertilizers and pesticides (Reijentjes et al. 1992) . 
Harvesting of coffee trees
The coffee trees planted from the 0.3-0.5 meterseedlings may produce fruit 3-4 years after planting, while those sprouting from the old stumps of older trees that have been cut by informal leader staff (Jaro Tangtu) during the rituals for purification of tradition, usually produce fruits 1-1.5 years after sprouting. However, its fruit can be harvested approximately 1-2 months after fruiting.
Harvesting of fruit is annually done by picking of ripe fruit (memilih buah kopi kolot) marked by red color ( Figure  5 ). Each household of Outer Baduy has approximately 50 coffee trees. The coffee production in Outer Baduy is approximately 2 kg/tree, and if a farmer plants about 50 trees in one block of the dukuh lembur, he or she may get 2 kg x 50 individuals= 100 kilograms of the fresh coffee fruit. The production of robusta coffee of Outer Baduy is lower than that of arabica coffee in the agroforestry system of the Perhutani (a state-owned forest company) forest of Palintang which is 3 kg/tree, because the cultivation coffee trees in the Outer Baduy area is is less intensive than that of Perhutani. For example, some inputs of production, including the organic fertilizers of compost or animal dung to increase soil fertility are usually provided in the coffee agroforestry system of Palintang (Iskandar et al. 2018c ).
Processing and utilization of the coffee production
There are several stages of the traditional processing of fresh coffee fruit to become dry beans and ready to be sold or to be made a beverage for home consumption. First, the harvested coffee fruit from the dukuh lembur is brought to hamlet. Second, the fresh fruit is pounded (ditutu) in a wooden mortar (jubleg), and winnowed using a big round tray (nyiru) to remove the skin (Figure 6a) . Third, the pounded coffee beans are dried under blazing sunlight on nyiru or Pandanus mat (samak pandan) in front of the homegarden for a week depending on daily weather condition (Figure 6b) . Forth, the dry coffee beans are ready to be sold or to be continuously processed for home consumption.
In general, the utilization of the coffee production of Outer Baduy may be divided into two categories: economic subsistence and commercial purposes. The coffee production is used for the economic subsistence purposes if an Outer Baduy family has a small number of coffee trees in his mixed-garden. Traditionally, for household consumption, dry coffee beans are processed by women. First, the dry beans are dry-fried (disangray) in a big kettle (kékéncéng) on the stove. Then, the fried beans are pounded in a wooden mortar. Finally, the coffee powder is filtered with a filter, and the fine is put in a jar, while the coarse one is re-pounded to make it finer. The coffee is ready to be brewed with hot water in a kettle (téko) and served in a cup. According to the tradition, most Outer Baduy people have a habit of drinking coffee at least twice a day, in the morning (nginum kopi isuk-isuk) and the afternoon (minum kopi sore), and eat some traditional foods, including boiled cassava, boiled sweet potato, and brown sugar (gula kawung) at the same occasion.
For the commercial purposes, particularly for the Outer Baduy households who have at least 50 coffee trees in the mixed-garden, part of the coffee production surplus is commonly sold to the village middlemen. The robusta coffee beans are locally named kopi bebek (pounded coffee), but they are called kopi padasuka by non-Baduy people. Traditionally, the dry coffee beans of the Outer Baduy are mostly sold to the village middlemen who usually buy various non-rice products, including coffee beans (Coffea canephora Pierre ex A. Froehner), bananas (Musa paradisiaca L), durian (Durio zibethinus Murr), petai (Parkia speciosa Hassk), and coconuts (Cocos nucifera L). Subsequently, this agricultural produce is brought by the middlemen to district capital, Rangkasbitung, to sell to the city middlemen. In 2018, the dry coffee beans were predominantly sold in the Outer Baduy of Kanekes Village at a price of Rp 25,000/kg. Therefore, if one household had 50 coffee trees in the mixed-garden with production of 2 kg/tree, the total production of fresh coffee fruit was 100 kg, and after having been dried and pounded, the dry beans became 50 kg. If all the dry coffee production was sold, the Outer Baduy farmer might get Rp 1,250,000, -/year cash money. Meanwhile, the price of hulled rice of sawah in small shops (warung) in 2017/2018 was Rp 8,500-10,000/liter. Therefore, production of 50 coffee trees cultivated in the hamlet forest (dukuh lembur) produced Rp 1,250.000 or equivalent to 125-147 liters/year or 14,8-17,5 % of total swidden rice production because the rice production of 0.6 ha swidden plot was approximately 840 liters/year (Iskandar 2007) . Accordingly, the cultivation of coffee trees in the forest hamlet (dukuh lembur) has provided benefits for both the subsistence and commercial purposes of the Outer Baduy people.
Plant composition of the dukuh lembur-agroforestry coffee
According to the Baduy tradition, traditionally the coffee and clove trees are prohibited to plant in the monoculture system in Baduy area because these crops are considered as new crop of the colonial crop (tanaman baru or tanaman colonial). Although the coffee trees are prohibited to plant in Baduy area, the robusta coffee trees have been farmed and properly integrated into the traditional agroforestry of the hamlet forest system (dukuh lembur) by the Outer Baduy people. These coffee trees are planted in a mixed plantation of various perennial plants in the form of the traditional agroforestry system that provides a wide range of products with a high nutritional value, namely fruits and vegetables and other products, such as building materials, firewoods, traditional medicines, and handicraft materials (Figure 7.A) . In addition, under coffee trees, various undergrowth plants, i.e., herbs and shrubs are found (Figure 7.B) . Kokosan, SDR=5.27 %) and peuteuy (Parkia speciosa Hassk, SDR=5.27 %. These trees are commercial crops traded in petty trading of the Outer Baduy, as non-rice crops produced from the swidden, fallowed secondary forest, and hamlet forest garden (Table  2 ). In addition, some undergrowth species also play vital roles for ecological and socio-cultural functions because these species can protect soil erosion and improve soil fertility, and provide food, traditional medicines, and materials for traditional rituals (Table 3) .
Moral versus interest
The Outer Baduy people' live in a largely subsistence economy in which the swidden cultivation of rice (ngahuma) has been the main activity. In addition, they are engaged in various non-subsistence activities to earn cash for buying daily goods, including hulled sawah rice (beas sawah), salted fish, fish paste, salt, soya sauce, cooking oil, and kerosene. Cash earning activities, including trading handicraft products, getting involved in petty trading of non-rice crop products; working for wages both in Baduy and non-Baduy areas, and planting cash crop of albizia and coffee trees have been undertaken by Outer Baduy people. The strategy of Outer Baduy community that is engaged in subsistence and cash cropping has been widely found among swidden cultivators in Indonesia to maintain sustainability of the traditional swidden cultivation system (Sulistyawati 2011; Mashman and Nayoi 2015) . Like other the traditional swidden cultivation systems in Indonesia, today the traditional Outer Baduy swidden farming has been facing various environmental and socialeconomic stresses, including decreasing forest area, climate changes, population increase, and intensive penetration of market economy (Iskandar 2007; Iskandar et al. 2018b ). Therefore, the Outer Baduy community has developed cultural strategies to maintain sustainability of the swidden farming, that is considered as an obligation in their religion, and to fulfill the household income. For instance, although the coffee trees have been prohibited to plant in Outer Baduy area, some Outer Baduy people have cultivated these cash crops that are properly integrated into the traditional agroforestry of dukuh lembur. The production of the Outer Baduy coffee has been used predominantly for home consumption and some surpluses have also been traded to get cash income. Unlike rice, the cultivation of coffee trees has not been accompanied by various rituals because the coffee crop is not considered sacred.
Therefore, the Outer Baduy people have applied two models of economic behaviors, moral principle and cultural value (cf. Plattner 1989; Granoveter 1985) . The swidden cultivation of planting rice is considered to be moral principle that is based on the Traditional Ecological System (TEK) and belief. According to the Baduy belief, the rice has Goddess, Nyi Phoci, so the rice must be respected and prohibited to sell. The production of the swidden rice has been used mainly for the traditional rituals including kawalu and ngalaksa, and for the home consumption, particularly if they do not have enough money to buy sawah rice, while non-rice crop products, including coffee product have been allowed to sell to get income.
This study provides a valuable lesson in exploring alternative development path for the Outer Baduy swidden agriculture system in response to the increasing population pressure, market economy penetration, and climate changes. The community living an area with a limited capacity for expansion, and an increasing various ecological and socio-economic stresses can develop cultural strategies. In this case, the Outer Baduy people have made various adaptations, such as cultivating cash crop of robusta coffee (Coffea canephora Pierre ex A. Froehner) in the traditional agroforestry of dukuh lembur. The cultivation of the robusta coffee, however, must be adapted to the ecological and socio-cultural aspects of the Baduy community. The cultivation of cash crop albizia and coffee are dissimilar in that the albizia has been fully integrated into the swidden cultivation because it provides benefits and strengthens the traditional swidden farming, while the coffee trees have been traditionally cultivated in the dukuh lembur. Traditionally, albizia trees have been grown with rice in the swidden cultivation and allowed to continuously grow in the secondary fallowed land. Eventually, when the fallowed land will be opened for recultivating rice, the Outer Baduy may harvest and totally cut the albizia trees and sell the logs to village middlemen to get cash income. In addition, the soil fertility of the fallowed land has been improved by planting the albizia trees. Therefore, the cultivation of cash crop of albizia trees has provided some benefits for improving soil fertility of the swidden cultivation and providing income, which eventually increases the sustainability of the Outer Baduy swidden cultivation system Ellen 2000, 2007) .
Unlike albizia, the coffee trees have been cultivated in the dukuh lembur instead of the swidden cultivation system (sistem huma). The practice of coffee farming is different from albizia cultivation in that it has not been appropriately mixed with rice in the swidden cultivation. Since the coffee trees have been planted mostly in the swidden system, these coffee trees have not been cut for re-cultivating the rice crop for further practicing of the swidden farming. Consequently, the practice of swidden system that is considered as an obligation may be disturbed by the cash cropping of coffee trees. Therefore, traditionally the coffee trees have been prohibited to be cultivated in the swidden system, and Outer Baduy people prefer to cultivate the coffee trees in the dukuh lembur.
The robusta coffee was predominantly planted by the Outer Baduy in 1980s. When the seedlings were first grown in the dukuh lembur of the Outer Baduy they were rejected because the informal leader (puun) believed that planting would promote the monoculture commercial crops, and the Outer Baduy will get involved in the commercial business instead of the simple life (hidup sederna). We argue that if the coffee trees are predominantly planted in the swidden cultivation, the practice of the swidden farming may be seriously disturbed because the coffee trees cannot be totally cut when the fallowed land will be recultivated with rice crop. Therefore, planting the robusta coffee and integrated it in the dukuh lembur have been considered to be appropriate in terms of ecological and socio-cultural aspects. Regarding the ecological aspects, the coffee trees under shade other plant canopies experience less stress than those with no shade. Litter leaves of shade trees in the coffee agroforestry systems provide additional nutrient for the soil and maintain soil humidity, particularly, during prolonged drought and when air temperature increases (Martini et al. 2017) . Meanwhile, in terms of the socio-cultural aspects, since the coffee trees have predominantly been cultivated in the dukuh lembur, the trees have never been totally cut to cultivate rice of the swidden farming. Indeed, according to the Baduy tradition, the dukuh lembur has been prohibited to cut for the swidden farming.
In conclusion, the robusta coffee trees have been cultivated in the dukuh lembur of the Outer Baduy based on 'hybrid' knowledge, i.e., combination of TEK and scientific Western knowledge (cf. Iskandar and Ellen 2007) . In terms of TEK, the dukuh lembur has been culturally managed for a long time by the Outer Baduy people, while the coffee farming is gradually accepted and integrated in the dukuh lembur based on the scientific knowledge or information from non-Baduy, because. Coffee crops have provided some socio-economic benefits of subsistence as well commercial economy, and may also support the sustainability of the Outer Baduy swidden cultivation as cultural identity of Baduy community.
